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LQRUGHU WRHYDOXDWHVWUXFWXUDO LQWHJULW\7UDGLWLRQDOO\ WKHWROHUDEOHVL]HRIGHIHFWVZDVVHWE\ZRUNPDQVKLSEDVHG
FULWHULDWKDWZHUHVRPHZKDWDUELWUDU\DQGDOZD\VFRQVHUYDWLYHVRPHWLPHVH[FHVVLYHO\VR
'HFDGHV RI UHVHDUFK DQG LQGXVWULDO H[SHULHQFH WRJHWKHU ZLWK H[WHQVLYH WHFKQLFDO SHHU UHYLHZ KDV OHG WR WKH
GHYHORSPHQW DQG FRPSLODWLRQ RI VWDQGDUGLVHG URXWHV IRU WKH HYDOXDWLRQ RI VWUXFWXUDO LQWHJULW\ RI GHIHFWLYH
FRPSRQHQWVVWUXFWXUHV,QWKHVHDFFHSWDQFHOHYHOVIRUIODZVDUHUHODWHGWRWKHORDGLQJRQWKHVWUXFWXUHDQGWRPDWHULDO
SURSHUWLHV
'LIIHUHQW SURFHGXUHV EDVHG XSRQ WKH SULQFLSOH RI ILWQHVVIRUVHUYLFH KDYH EHHQ FUHDWHG E\ LQWHUQDWLRQDO
RUJDQL]DWLRQVDQGDUHZHOODFFHSWHGLQPRVWLQGXVWULHV7KHPRVWSRSXODUSURFHGXUHVDUHL WKH$3,$60(
))6>@GHYHORSHGE\WKH$PHULFDQ3HWUROHXP,QVWLWXWH$3,LL%6>@ZKLFKLVWKHJHQHUDO8.SURFHGXUH
IRUWKHDVVHVVPHQWRIIODZVLQPHWDOOLFVWUXFWXUHVGHYHORSHGE\WKH%ULWLVK6WDQGDUG,QVWLWXWLRQ%6,DQGLLLWKH5
SURFHGXUH>@ZKLFKLVWKH8.QXFOHDULQGXVWU\IODZDVVHVVPHQWWHFKQLTXHRULJLQDWHGE\WKHIRUPHU&(*%GHYHORSHG
E\WKHIRUPHU%ULWLVK(QHUJ\DQGQRZXQGHUWKHGLUHFWLRQRI(')(QHUJ\
7KHVHSURFHGXUHVXVXDOO\HYDOXDWH ILWQHVVIRUVHUYLFHRIFRPSRQHQWVFRQWDLQLQJFUDFNOLNHGHIHFWVE\PHDQVRI
(QJLQHHULQJ&ULWLFDO$VVHVVPHQWV(&$(&$LVEDVHGRQGDPDJHWROHUDQFHSULQFLSOHVIUDFWXUHPHFKDQLFVDQGLV
XVHGWRDVVHVVZKHWKHURUQRWDGHIHFWLYHFRPSRQHQWLVLQDVDIHFRQGLWLRQIURPHODVWLFSODVWLFIUDFWXUHDQGSODVWLF
FROODSVHXQGHUVSHFLILHGORDGLQJDQGHQYLURQPHQWDOFRQGLWLRQV


)LJ)DLOXUHDVVHVVPHQWGLDJUDPLOOXVWUDWLQJVDIHUHJLRQERXQGHGE\WKH)$'FXUYHDQGFXWRII
7KHIDLOXUHDVVHVVPHQWGLDJUDP)$'SURYLGHVDJUDSKLFDOUHSUHVHQWDWLRQRIWKHOLPLWLQJYDOXHRIWKHQRUPDOLVHG
GULYLQJIRUFHDVDIXQFWLRQRIWKHQRUPDOLVHGDSSOLHGORDG,QJHQHUDOWKHVKDSHRIWKHFXUYHGHSHQGVRQWKHPDWHULDO
SURSHUWLHVDQGJHRPHWU\RIWKHFRPSRQHQWXQGHUDQDO\VLV+RZHYHUVLPSOLILHG)$'FXUYHVLQGHSHQGHQWRIJHRPHWU\
DQG PDWHULDO GDWD KDYH EHHQ GHULYHG E\ DSSO\LQJ FRQVHUYDWLYH DVVXPSWLRQV >±@ 0RUH VRSKLVWLFDWHG URXWHV
UHTXLULQJPDWHULDOVSHFLILFGDWDHJVWUHVVVWUDLQFXUYHWHDULQJUHVLVWDQFHFXUYHFDQDOVREHXVHG7KHVHGLIIHUHQW
DSSURDFKHVSURYLGHGLIIHUHQW OHYHOVRI DVVHVVPHQW DUHRI LQFUHDVLQJ FRPSOH[LW\ DQG UHTXLUH H[SHULHQFH DQGPRUH
H[SHUWHQJLQHHULQJMXGJHPHQW
7KHDLPRIWKHSUHVHQWZRUNLVWRKLJKOLJKWGLIIHUHQFHVLQWKHUHVXOWVLQWKHDVVHVVPHQWRIWKHVDPHSUREOHPE\
PHDQVRIWKUHHGLIIHUHQWSURFHGXUHV$)$'EDVHGDQDO\VLVLVXVHGWRHYDOXDWHILWQHVVIRUVHUYLFHRIGLIIHUHQWFDVH
VWXGLHVE\PHDQVRIWKHPDWHULDODQGJHRPHWU\LQGHSHQGHQWIDLOXUHDVVHVVPHQWFXUYHXVXDOO\NQRZQDVWKH2SWLRQ
)DLOXUH$VVHVVPHQW&XUYH4XDOLWDWLYHYDULDWLRQVLQWKHSURFHGXUHVDVZHOODVTXDQWLWDWLYHGLIIHUHQFHVLQUHVXOWVDQG
WKHOHYHORIFRQVHUYDWLVPDUHUHSRUWHGIRUWKHFDVHVXQGHUDQDO\VLV)LQDOO\WKHEHQHILWVDQGOLPLWDWLRQVRIDSSO\LQJ
HDFKRIWKHPHWKRGRORJLHVDUHGLVFXVVHG

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7KHREMHFWLYHRIWKLVZRUNLVWRKLJKOLJKWGLIIHUHQFHVLQ))6DVVHVVPHQWSURFHGXUHVLQDVVHVVLQJWKHVLJQLILFDQFH
RI FUDFNOLNH GHIHFWV E\ IRFXVLQJ RQ VWUHVV LQWHQVLW\ IDFWRU 6,) DQG SODVWLF FROODSVH VROXWLRQV DV ZHOO DV WKH
VLJQLILFDQFH LQ WKH DVVHVVPHQW RI FRQVLGHULQJ UHVLGXDO VWUHVVHV DQGKRZ WKH SURFHGXUHV DFFRXQW IRU WKH HIIHFWVRI
UHVLGXDOVWUHVVHVRQ WKHFUDFNGULYLQJIRUFH7KH)$')LJ LV WKHPRVWZLGHO\XVHGDSSURDFKIRUDVVHVVLQJ WKH
LQWHJULW\RIVWUXFWXUHVFRQWDLQLQJFUDFNOLNHGHIHFWVVRFRPSDULVRQVZLOOEHPDGHEDVHGRQWKH)$'IUDPHZRUNZKHUH
DVVHVVPHQWUHVXOWVDUHSORWWHGLQWKH)$'SURYLGLQJDVLPSOHDQGVWUDLJKWIRUZDUGZD\RIVKRZLQJWKHGULYLQJIRUFH
IRU ERWK SODVWLF FROODSVH DQG HODVWLFSODVWLF IUDFWXUHPHFKDQLVPV DQG WR FRPSDUH VROXWLRQV DPRQJ WKH FRGHV )RU
FRPSDULVRQSXUSRVHWKHHIIHFWVRIRWKHUIHDWXUHVHJSDUWLDOVDIHW\IDFWRUVPDWHULDOSURSHUW\HVWLPDWLRQHWFWKDW
PD\DOVRDIIHFWUHVXOWVDUHH[FOXGHGLQWKHDQDO\VHV
7KHVROXWLRQVXVHGLQWKLVZRUNZHUHWKHEHVWDYDLODEOHLQHDFKSURFHGXUHIRUWKH6,)DQGSODVWLFFROODSVHVROXWLRQV
7KDWLVLIVD\D6,)VROXWLRQVZDVQRWDYDLODEOHIRUDF\OLQGHUXQGHUDQDO\VLVEXWDSODVWLFFROODSVHVROXWLRQZDVWKHQ
D IODW SODWH VROXWLRQ ZDV XVHG IRU WKH 6,) FDOFXODWLRQ ZLWK D F\OLQGHU VROXWLRQ IRU SODVWLF FROODSVH WR REWDLQ WKH
DVVHVVPHQWSRLQWKr, Lr
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%HQFKPDUNSUREOHPV
,QWKLVZRUNµ([DPSOH3UREOHP¶DQGµ([DPSOH3UREOHP¶IURP>@KDYHEHHQFRQVLGHUHG7KHVHDGGUHVVWKH
DVVHVVPHQWRIDQLQWHUQDOVXUIDFHIODZLQWKHD[LDOZHOGRIDSLSHF\OLQGHUDQGDIXOO\FLUFXPIHUHQWLDOFUDFNOLNHIODZ
LQWKHJLUWKZHOGRQWKHRXWVLGHVXUIDFHRIDSLSHF\OLQGHUUHVSHFWLYHO\7KHVHH[DPSOHVDUHODEHOOHGKHUHDIWHUµ&DVH
VWXG\¶DQGµ&DVHVWXG\¶)LJ

)LJ*HRPHWULHVFRQVLGHUHGIRUWKHFRPSDULVRQRIWKH))6DVVHVVPHQWSURFHGXUHVD
µ&DVHVWXG\¶Eµ&DVHVWXG\¶)LJXUHVREWDLQHGIURPCrackwise®>@OLEUDU\
3.1. Case study 1 
7KHILUVWH[DPSOHLVWKDWRIDFUDFNOLNHGHIHFWORFDWHGLQWKHKHDWDIIHFWHG]RQH+$=SDUDOOHOWRDORQJLWXGLQDO
GRXEOH9JURRYHVHDPRQWKHLQVLGHVXUIDFHRIDF\OLQGULFDOSUHVVXUHYHVVHO7KHSUHVVXUHYHVVHOLVPDGHRI6$
*UDGHVWHHODQGGHVLJQHGDVSHU WKH$60(%	39FRGH6HFWLRQ9,,,'LYLVLRQ7KHF\OLQGHU LV IXOO\
SUHVVXULVHGZKHQWHPSHUDWXUH7o)WRDQLQWHUQDOSUHVVXUHP psig7KHYHVVHOLVQRWVXEMHFWWRSRVWZHOGKHDW
WUHDWPHQW3:+7DWWKHWLPHRIIDEULFDWLRQ>1RWHWKHEHQFKPDUNSUREOHPVLQ>@DUHSURYLGHGLQ,PSHULDOXQLWVEXW
DVVHVVPHQWVDUHJHQHUDOO\UHSRUWHGKHUHLQQRQGLPHQVLRQDOIRUPRUFRQYHUWHGWR6,XQLWVZKHUHQHFHVVDU\@
7KHGHWHFWHG IODZGHSWKa PP LV HVWLPDWHG IURPXOWUDVRQLF WHVWLQJ 87 DQG LWV OHQJWK c PP LV
REWDLQHGE\PHDQVRIWKHPDJQHWLFSDUWLFOHLQVSHFWLRQWHFKQLTXH07DVUHSRUWHGLQ>@7KHRXWVLGHUDGLXVDQGWKH
WKLFNQHVVRIWKHF\OLQGHUDUHro in DQGB inUHVSHFWLYHO\VRWKDWWKHLQWHUQDOUDGLXVLVri in7DEOHVKRZV
WKHPDWHULDOSURSHUWLHVXVHGLQWKHDVVHVVPHQW)RUDPRUHGHWDLOHGGHVFULSWLRQRIWKHSUREOHPWKHUHDGHULVUHIHUUHGWR
>@
7DEOH0DWHULDOSURSHUWLHVRIWKHVWHHOLQ³&DVH6WXG\´
3URSHUW\ 0DJQLWXGH
<RXQJ¶VPRGXOXV(*3D 
3RLVVRQ¶VUDWLRǂ 
0LQLPXPVSHFLILHG\LHOGVWUHVVı\VNVL 
)UDFWXUHWRXJKQHVV.PDWNVLLQ 

7KLQZDOOHGF\OLQGHUVROXWLRQVB/ro DUHXVHGWRFRPSXWHWKHKRRSımDQGWKURXJKZDOOEHQGLQJıb
FRPSRQHQWVRIWKHSULPDU\VWUHVVDWWKHFHQWUHRIWKHXQFUDFNHGF\OLQGHUXVLQJHTXDWLRQV'DQG'LQ>@
D
E


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ZKHUHy LVWKHORFDOFRRUGLQDWHIRUWKHVWUHVVGLVWULEXWLRQDORQJWKHRXWHUVXUIDFHDQGLVPHDVXUHGIURPWKHZHOGFHQWUH
DQGSHUSHQGLFXODU WR WKHVHDPGLUHFWLRQ,QHTXDWLRQRr LVD UHGXFWLRQIDFWRUDFFRXQWLQJ WKHHIIHFWRQUHVLGXDO
VWUHVVHV RI WKH WHVW SUHVVXUH$FFRUGLQJ WR WKH$3, SURFHGXUH (TV( LQ >@ IRU WKLV FDVHRr  7KH
HOHYDWLRQRIWKHPHPEUDQHUHVLGXDOVWUHVVLQ$3,¨ıys ksi  03DLVJLYHQLQ(T(LQ>@ZLWKıys LQ
WKLVFRGHEHLQJWKHPLQLPXPVSHFLILHG\LHOGVWUHVV,QHTXDWLRQıref  DQGıf  DUHWKHUHIHUHQFHVWUHVVDQGWKHIORZ
VWUHVVUHVSHFWLYHO\,Q%6DQG5ıys LQHTXDWLRQVVKRXOGEHWDNHQDVWKHPHDQ\LHOGVWUHVVLQFRQWUDVWWR
WKHPLQLPXPVSHFLILHG\LHOGVWUHVV+RZHYHUDV>@GRHVQRWSURYLGHPHDQ\LHOGVWUHVVGDWDWKHPLQLPXPVSHFLILHG
\LHOGVWUHVVKDVEHHQXVHGLQVWHDGZKHQDSSO\LQJ%6DQG5DQGWKLVLVGLVFXVVHGODWHU
)LJXUHVKRZVWKHUDQJHRIDSSOLFDWLRQRIWKH6,)VROXWLRQVJLYHQLQHDFKSURFHGXUHIRUDF\OLQGHUZLWKDVHPL
HOOLSWLFDOLQWHUQDOFUDFN  ,WLVZRUWKQRWLQJWKDWWKHUDQJHVRIDSSOLFDWLRQIRUWKH6,)VROXWLRQVGLIIHUVLJQLILFDQWO\
DPRQJWKHSURFHGXUHV)RUWKLVFDVH5LQFOXGHVVROXWLRQVIRURQO\DOLPLWHGUDQJHRIrm/BEXWSURYLGHVDVRXUFH
UHIHUHQFH IRUKLJKHUrm/B WKH VROXWLRQV IURPZKLFKDUHFRQWDLQHG LQ WKH5FRGH VRIWZDUH $V IRU WKHFDVHXQGHU
DQDO\VLVJUHHQGRWWKH6,)VROXWLRQVFRQWDLQHGLQERWK5DQG%6DUHRXWVLGHWKHUDQJHRIDSSOLFDWLRQDIODW
SODWHVROXWLRQKDVEHHQXVHGLQWKHDVVHVVPHQWDVDQDOWHUQDWLYH5FRGHVRIWZDUHKDVDOVREHHQXVHGDVLWSURYLGHV
WKHVROXWLRQVUHIHUUHGWRLQ5ZLWKDODUJHUUDQJHRIDSSOLFDWLRQ7KHUHDUHQRHYLGHQWGLPHQVLRQDOUHVWULFWLRQVIRUWKH
UHIHUHQFHVWUHVVVROXWLRQVIRU WKLVJHRPHWU\LQ WKHSURFHGXUHV%6FRQWDLQVERWKWKLQZDOOHG3DQGWKLFN
ZDOOHG3VROXWLRQV+RZHYHUDVWKHODWWHULVDORFDOVROXWLRQZLWKFUDFNIDFHSUHVVXUHWKHWKLQZDOOHGVROXWLRQ
VHHPVWREHWKHDSSURSULDWHFKRLFH&DUHVKRXOGEHWDNHQKRZHYHULQWKHXVHRIWKHVROXWLRQVSURYLGHGE\%6WR
DVVHVVWKLFNZDOOHGF\OLQGHUVDVLWKDVEHHQGHULYHGIRUWKLQZDOOHGVWUXFWXUHV>@7DEOHVKRZVWKHVROXWLRQVXVHGLQ
WKHFRPSDULVRQRIWKHSUHVHQWFDVHVWXG\)RUIXUWKHUGHWDLORQWKHVROXWLRQVWKHUHDGHUPD\UHIHUUHGWRWKHSURFHGXUHV
)LJXUHVKRZVWKHLr UHVXOWVIRUGLIIHUHQWVROXWLRQVDVDIXQFWLRQRIWKHQRUPDOL]HGFUDFNGHSWKa/B&\OLQGHU
VROXWLRQVDUHVKRZQLQWKHILJXUHIRUERWK%6DQG$3,7ZRVHWVRIVXUIDFHEUHDNLQJIODWSODWHVROXWLRQVDUH
DOVR LQFOXGHG IRU%6 ,Q%6 WHQVLOH IRUFHV FDQEH DSSOLHGYLDSLQ MRLQWHGRU IL[HGJULS FRQGLWLRQVLr 
HVWLPDWHVIRUWKHJHRPHWU\XQGHUDQDO\VLVDUHVKRZQLQ7DEOH5HVXOWVIURP$3,F\OLQGHUDQG5F\OLQGHU
JOREDODUHLGHQWLFDO,QFRQWUDVW%6F\OLQGHUHVWLPDWHVDUHXSWRKLJKHUWKDQWKRVHIRU$3,DQG5
)RUODUJHUFUDFNVWKHGLIIHUHQFHDPRQJWKHVHVROXWLRQVGRHVQRWFKDQJHVLJQLILFDQWO\7KH%6>)ODWSODWH)L[HG
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*ULS)*DQG3LQ/RDGHG3/@VROXWLRQVDUHWKHPRVWSHVVLPLVWLFZLWKGLIIHUHQFHVZLWKLQ)*DQG3/
$VVKRZQLQ)LJGLIIHUHQFHVDUHODUJHUIRUKLJKHUa/B YDOXHV


)LJ6WUHVVLQWHQVLW\IDFWRUUDQJHVRIDSSOLFDWLRQIRUDF\OLQGHUZLWKDQ
LQWHUQDOVHPLHOOLSWLFDOD[LDOIODZ*UHHQGRWUHSUHVHQWVFDVHXQGHUDQDO\VLV
7DEOH6ROXWLRQVXVHGLQWKHDVVHVVPHQWIRUµ&DVHVWXG\¶///LPLWORDG565HIHUHQFH6WUHVV
363ULPDU\VWUHVVHV666HFRQGDU\VWUHVVHV**OREDO//RFDO7:7KLFNZDOOHG
3URFHGXUH *HRPHWU\ 6,) 5HIHUHQFH6WUHVV/LPLWORDG
5 3ODWH ,9 
 &\OLQGHU  ,9
%6 3ODWH 0 356
 &\OLQGHU 0 3
$3, &\OLQGHU &36
&66
'56

7DEOH3ODVWLFFROODSVHSDUDPHWHU/UUHVXOWVIRU³&DVH6WXG\´)3)ODW3ODWH)*)L[HG
JULS3/3LQORDGHG&\O&\OLQGHUVROXWLRQ**OREDO//RFDO
6ROXWLRQ /U 3HUFHQWDJHGLIIHUHQFH$3,
%6)3)*  
%6)33/  
%6&\O  
$3,&\O  QD
5&\O  
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
)LJ3ODVWLFFROODSVHUDWLRLrIRUWKHVROXWLRQVSURYLGHGLQWKHWKUHHVWDQGDUGV9HUWLFDOGDVKHGOLQHVKRZVUHVXOWVIRUµ&DVH6WXG\¶
)UDFWXUHSDUDPHWHU Kr HVWLPDWHV IRUSULPDU\DQG VHFRQGDU\ ORDGVDQG WKHSODVWLFLW\ LQWHUDFWLRQ IDFWRU 9DUH
VKRZQ LQ7DEOH ,W LVREVHUYHG WKDW WKHSULPDU\ ORDGFRPSRQHQWV KrPDUH LQYHU\FORVHDJUHHPHQW6LJQLILFDQW
GLIIHUHQFHVEHWZHHQ$3,VHFRQGDU\ORDGVKrSHVWLPDWHVDQG5%6SUHGLFWLRQVDUHIRXQGEXWWKLVLVODUJHO\
EHFDXVHWKHUHVLGXDOVWUHVVXVHGLQ$3,LVKLJKHUWKDQWKDWXVHGIRUWKH%65FDOFXODWLRQVDVDUHVXOWVRIWKH
DGGLWLRQRI¨ıys LQHTXDWLRQ$VVKRZQLQWKH7DEOHIRUWKHFDVHRI5%6WKHUDWLRRIWKHIUDFWXUHSDUDPHWHU
IRUVHFRQGDU\ORDGVWRWKDWRISULPDU\ORDGVKrS/KrPLVDOPRVWWKHVDPHDVWKHUDWLRRIWKHPHPEUDQHUHVLGXDOVWUHVVHV
WRWKHDSSOLHGPHPEUDQHVWUHVVVyr/VVKRZLQJWKDWIRUWKLVVLPSOLILHGFDVHWKHVDPH6,)VROXWLRQLVXVHGIRUWKH
SUHVVXUHPHPEUDQHVWUHVVDQGWKHUHVLGXDOVWUHVV$GLIIHUHQFHRIEHWZHHQKrS/KrPDQGVyr/VLVREVHUYHGLQ$3,
LQGLFDWLQJWKDWWKH6,)VROXWLRQVXVHGIRUWKHSULPDU\DQGVHFRQGDU\ORDGVGLIIHUDOWKRXJKQRWVLJQLILFDQWO\
7DEOH)UDFWXUHSDUDPHWHUUHVXOWVIRUSULPDU\.U3DQGVHFRQGDU\.U6ORDGVIRU³&DVH6WXG\´
 5 %6 $3,
KrP   
KrS   
KrS/KrP   
Vyr/V   
9   

7DEOHVKRZVWKHUHVXOWVRIWKHDVVHVVPHQWIRUWKHVXUIDFH׋ RDQGGHHSHVWSRLQWV׋ RRIWKHD[LDOO\RULHQWHG
LQWHUQDOFUDFNERWKLQFOXGLQJDQGH[FOXGLQJWKHHIIHFWRIUHVLGXDOVWUHVVHV8VLQJWKH$3,VROXWLRQDVDQDUELWUDU\
UHIHUHQFHZKHQDXQLIRUPUHVLGXDOVWUHVVHVGLVWULEXWLRQ LV WDNHQ LQWRDFFRXQWKr VROXWLRQVDUHZLWKLQIRU WKH
GHHSHVWSRLQWDQGZLWKLQIRUWKHVXUIDFHSRLQW,IUHVLGXDOVWUHVVHVDUHQHJOHFWHGVROXWLRQVDUHZLWKLQDQG
DWWKHGHHSHVWDQGWKHVXUIDFHSRLQWUHVSHFWLYHO\'LIIHUHQFHVLQLrVROXWLRQVDUHZLWKLQ7KHODUJHVWGLIIHUHQFHV
DULVHVEHWZHHQ%6DOLPLWORDGDSSURDFKDQGWKHVROXWLRQVSURYLGHGE\5DQG$3,ZKLFKDUHEDVHGRQD
UHIHUHQFHVVWUHVVDSSURDFKDQGDUHH[SUHVVHGE\VLPLODUHTXDWLRQV)LJVKRZVWKHVHUHVXOWVZLWKLQWKH2SWLRQ
IDLOXUHDVVHVVPHQWGLDJUDP)$'



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7DEOH3ODVWLFFROODSVHSDUDPHWHU/UDQGIUDFWXUHSDUDPHWHUUHVXOWV.UIRU³&DVH6WXG\´
5HVLGXDOVWUHVVHV   3HUFHQWDJHGLIIHUHQFH$3,
Deepest point Lr Kr Lr Kr
$3,   QD QD
5    
%6    
Surface point /U .U Lr Kr
$3,   QD QD
R6    
%6    
1RUHVLGXDOVWUHVVHV   3HUFHQWDJHGLIIHUHQFH$3,
Deepest point /U .U Lr Kr
$3,   QD QD
R6    
%6    
Surface point /U .U Lr Kr
$3,   QD QD
5    
%6    


)LJ$VVHVVPHQWUHVXOWVRIµ&DVHVWXG\¶DWWKHVXUIDFH׋ oDQGGHHSHVW
SRLQW׋ oORFDWLRQVZLWKDQGZLWKRXWWKHHIIHFWRIUHVLGXDOVWUHVVHV
,WZDVQRWHGDERYHDQGVKRZQLQ(TWKDW$3,>@UHFRPPHQGVDQHOHYDWLRQDERYHWKHPLQLPXPVSHFLILHG
\LHOGVWUHQJWKWRDFFRXQWIRUWKHW\SLFDOHOHYDWLRQRIPDWHULDOSURSHUWLHVDERYHPLQLPXPUHTXLUHPHQWV,Q)LJWKH
UHGV\PEROVVKRZWKH$3,VROXWLRQVLIWKLVHOHYDWLRQLVQRWFRQVLGHUHG,WLVREVHUYHGWKDWWKHSRLQWVDUHVKLIWHG
GRZQZDUGVDQGWKHKrVROXWLRQVDWWKHGHHSHVWSRLQWZKHUHFRQGLWLRQVDUHPRVWVHYHUHGLIIHUE\OHVVWKDQIURP
WKHRWKHUVROXWLRQV8VLQJWKHVDPHYDOXHRIWKHPHPEUDQHUHVLGXDOVWUHVVDVWKDWLQ5%6SURFHGXUHV$3,
HVWLPDWHVKrS/KrP  ZLWKVyr/V VHH7DEOH
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
)LJ$VVHVVPHQWUHVXOWVRIµ&DVHVWXG\¶DWWKHVXUIDFHࢥ RDQGGHHSHVWSRLQW
ࢥ RORFDWLRQVZLWKDQGZLWKRXWWKHHIIHFWRIUHVLGXDOVWUHVVHV5HGV\PEROVVKRZV
DVVHVVPHQWXVLQJPHPEUDQHUHVLGXDOVWUHVVHVDVUHFRPPHQGHGLQ5%6

)LJ$VVHVVPHQWUHVXOWVRIµ&DVHVWXG\¶DWWKHVXUIDFH׋ oDQGGHHSHVWSRLQW׋ o
ORFDWLRQVZLWKDQGZLWKRXWWKHHIIHFWRIUHVLGXDOVWUHVVHV&RQGLWLRQVDQGSORWWHG
)LJXUHVKRZVUHVXOWVIRUWZRDGGLWLRQDOFRQGLWLRQVDGMXVWLQJWKHSLSHGLPHQVLRQVDQGYDOXHRIWKHDSSOLHG
LQWHUQDOSUHVVXUHPWRNHHSWKHVDPHDSSOLHGPHPEUDQHVWUHVVDQGREWDLQDUDWLRrm/B WKDWILWVZLWKLQWKHWKLFNSLSH
6,)VROXWLRQVUDQJH)LJDGRSWLQJWKH9RQ0LVHV\LHOGFULWHULRQ
7KHH[WUHPHYDOXHVrm/B DQGrm/B ZHUHXVHGLQWKHFRPSDULVRQWRDVVHVVWKHHIIHFWRQWKHUHVXOWVDQG
WKHYDOXHRIPZDVREWDLQHGDFFRUGLQJO\IURP(T7KHUHVXOWVIRUWKHVHFDVHVGLIIHUE\OHVVWKDQLQLrDQG
DQGLQKrDWWKHEDVHDQGWKHHGJHRIWKHFUDFNUHVSHFWLYHO\$VDUHVXOWHVWLPDWHVIRUrm/B DUH
RQO\SORWWHGLQWKHILJXUH,QFRPSDULVRQZLWKWKHIODWSODWHVROXWLRQVUHVXOWVIRUFRQGLWLRQDUHKLJKHULQWHUPVRI
        












Triangles: API 579, 2007 (Red: RS field as in R6-BS7910)
Squares: BS 7910, 2013 (Global Plate solution - SIF Cylinder)(Green: Thick cylinder soltuion)
Stars: R6, 2014  (Blue: VM yield criterion)
.
U 
.
,.
P
DW
%652SW
/
U
 33
/
Solid: I=90o, residual stresses
Hollow: I=0o, residual stresses
Crossed: I=90o, no residual stresses
Semi-Solid: I=0o, no residual stresses
$3,2SW
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SODVWLFFROODSVHSDUDPHWHULrZLWKLQDQGORZHULQWHUPVRIWKHIUDFWXUHSDUDPHWHUKrZLWKGLIIHUHQFHVRI
OHVVWKDQIRUWKHHGJHRIWKHFUDFNDQGZLWKLQDWWKHEDVHRIWKHIODZ
)RUFRQGLWLRQLrUHVXOWVXVLQJWKHYRQ0LVHV\LHOGFULWHULRQEOXHVWDUVDUHORZHUWKDQWKRVHREWDLQHGE\WKH
7UHVFD\LHOGFULWHULRQEODFNVWDUVEXWGLIIHUE\OHVVWKDQ
)LJXUHVKRZVWKHUHVHUYHIDFWRUV)LIRUWKHVXUIDFHDQGWKHGHHSHVWSRLQWRIWKHFUDFNZKHQUHVLGXDOVWUHVVHVDUH
WDNHQLQWRDFFRXQWDQGZKHQWKH\DUHQHJOHFWHG,WLVREVHUYHGWKDWWKHYDOXHRI)L LVFRQVLGHUDEO\KLJKHUZKHQWKH
HIIHFWVRIUHVLGXDOVWUHVVHVDUHQRWFRQVLGHUHGLQWKHDQDO\VLVDQGLWLVVLJQLILFDQWO\ORZHUZKHQWKH\DUHLQFOXGHGZLWK
DYDOXHYHU\FORVHWRLQWKHFDVHRI$3,DWWKHEDVHRIWKHIODZ
)LQDOO\)LJVKRZVWKHFULWLFDOFUDFNVL]HVHVWLPDWHGZLWKWKHGLIIHUHQWFRGHV*HQHUDOO\%6SURYLGHVWKH
PRVWSHVVLPLVWLFUHVXOWVZKHUHDV5DQG$3,VKRZKLJKHUDQGYHU\VLPLODUHVWLPDWHV

)LJ5HVHUYH)DFWRUVRQ/RDGIRU¶&DVHVWXG\¶&RPSDULVRQRIDVVHVVPHQWSURFHGXUHHVWLPDWLRQV


)LJ&ULWLFDOFUDFNVL]HHVWLPDWLRQVIRU¶&DVHVWXG\¶&RPSDULVRQRIDVVHVVPHQWSURFHGXUHHVWLPDWHV
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3.2. Case study 2 
&DVHVWXG\LVDFUDFNOLNHIODZWKDWKDVEHHQIRXQGRQWKHRXWVLGHVXUIDFHRIDSLSHDWWKHZHOGWRHRIWKHJLUWK
ZHOGSLSH)LJE7KHVHDPLVDVLQJOH9JURRYHZHOGDQGWKHIODZLVSDUDOOHOWRWKHZHOGVHDP7KHSLSHLVPDGH
RI6$*UDGH%VWHHODQGGHVLJQHGDVSHU$60(%FRGH)XOO\RSHUDWLRQDOFRQGLWLRQVDUHUHDFKHGZKHQ
7 R&7KHSLSHZDVGHVLJQHGWRVXVWDLQ03DRILQWHUQDOSUHVVXUHDWR&DQGKDGQRWEHHQVXEMHFWWRSRVWZHOG
KHDWWUHDWPHQW3:+7DWWKHWLPHRIIDEULFDWLRQQRUHOD[DWLRQRIUHVLGXDOVWUHVVHV7KHGHWHFWHGIODZGHSWKLVD 
PP7KHRXWVLGHUDGLXVDQGWKHWKLFNQHVVRIWKHF\OLQGHUDUHro PPDQGB PPUHVSHFWLYHO\
,QWHUQDOSUHVVXUHDQGJOREDOEHQGLQJGXHWRWKHORFDWLRQRIWKHIODZPLGZD\EHWZHHQVXSSRUWVZKLFKDUHDWD
GLVWDQFHDSDUWRIPDUHWDNHQLQWRDFFRXQW7KHVHOHFWHGKHDWLQSXWFRUUHVSRQGVWRVKLHOGHGPHWDODUFZHOGLQJ
60$:PHWDODUFZHOGLQJ00$SDVVHVUHFRUGHGDVE -RXOHVPP7DEOHVKRZVWKHPDWHULDOSURSHUWLHV
XVHGLQWKHDVVHVVPHQW
7DEOH0DWHULDOSURSHUWLHVRIWKHVWHHOLQ³&DVH6WXG\´
3URSHUW\ 0DJQLWXGH
<RXQJ¶V0RGXOXVE *3D 
3RLVRQ¶VUDWLRȞ 
0LQLPXPVSHFLILHG\LHOGVWUHVVıys 03D 
)UDFWXUHWRXJKQHVVKmat 03DP. 

)LJXUH  VKRZV WKH UDQJH RI DSSOLFDWLRQ IRU WKH 6,) VROXWLRQV IRU µ&DVH VWXG\ ¶ D F\OLQGHU ZLWK D IXOO\
FLUFXPIHUHQWLDOH[WHUQDOFUDFNIRUHDFKSURFHGXUH)RUWKHFDVHXQGHUDQDO\VLVJUHHQGRWWKH6,)VROXWLRQVSURYLGHG
E\5LVRXWWKHUDQJHRIDSSOLFDWLRQWKXVDIODWSODWHVROXWLRQZDVXVHGIRUDVVHVVPHQWSXUSRVH+RZHYHUDVIRU&DVH
VWXG\5SURYLGHVDVRXUFHUHIHUHQFHIRUVROXWLRQVIRUODUJHUrm/BDQGWKHVHVROXWLRQVDUHFRQWDLQHGLQ5FRGH

)LJ6WUHVVLQWHQVLW\IDFWRUUDQJHVRIDSSOLFDWLRQIRUDF\OLQGHUZLWKDQ
H[WHUQDOFLUFXPIHUHQWLDOIODZ*UHHQGRWUHSUHVHQWVFDVHXQGHUDQDO\VLV
7DEOHVKRZVWKH6,)DQGUHIHUHQFHVWUHVVOLPLWORDGVROXWLRQVXVHGLQWKLVFDVHVWXG\,QWKLVSUREOHPWKHWUHDWPHQW
RIVHFRQGDU\VWUHVVHVLHUHVLGXDOVWUHVVHVLVGRQHE\XVLQJDQRQXQLIRUPVWUHVVGLVWULEXWLRQDFURVVWKHWKLFNQHVVRI
WKHSLSHLQFRQWUDVWWRµ&DVHVWXG\¶ZKHUHDFRQVWDQWUHVLGXDOVWUHVVGLVWULEXWLRQZDVXVHG


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7DEOH6ROXWLRQVXVHGLQWKHDVVHVVPHQWIRUµ&DVHVWXG\¶///LPLWORDG565HIHUHQFH6WUHVV
3URFHGXUH *HRPHWU\ 6,)
5HIHUHQFH
6WUHVVRU/LPLWORDG
5 3ODWH ,9RU,9 
 &\OLQGHU  ,9//
%6 &\OLQGHU 0 356
$3, &\OLQGHU & '56

+HUHFRPSDULVRQVRIWKHUHVXOWVE\XVLQJWKHGLIIHUHQWSURFHGXUHVDQGWKHUHFRPPHQGHGUHVLGXDOVWUHVVSURILOHV
JLYHQLOOXVWUDWHVWKHLPSDFWRIWKHDVVXPHGUHVLGXDOVWUHVVSURILOHVRQWKHDVVHVVPHQWUHVXOWVDVZHOODVWKHHIIHFWRIWKH
6,)VROXWLRQRQWKHDVVHVVPHQWUHVXOWVIRUWKHVDPHQRQXQLIRUPUHVLGXDOVWUHVVSURILOH
7KHWUDQVYHUVHUHVLGXDOVWUHVVSURILOHSHUSHQGLFXODUWRWKHZHOGLQ%6$QQH[4DQG56HFWLRQ,9VXJJHVW
WKUHHW\SHVRISURILOHGHSHQGLQJRQWKHPDWHULDOIHUULWLFRUDXVWHQLWLFDQGZHOGLQJKHDWLQSXWHQHUJ\)RUWKHFDVHRI
$3,WKHWKURXJKWKLFNQHVVUHVLGXDOVWUHVVILHOGLVFDOFXODWHGIURP$QQH[(DVDIXQFWLRQRIWKHPHDQUDGLXVWR
WKLFNQHVVUDWLRDQGRIWKHKHDWLQSXWRIWKHZHOGLQJSURFHVVDQGLWLVSURYLGHGDVWKHVXSHUSRVLWLRQRIDµOLQHDU¶DQGD
VHOIHTXLOLEUDWLQJFRPSRQHQW%RWK%6DQG5RQO\FRQVLGHUZDOOWKLFNQHVVHIIHFWVLQDQRUPDOL]HGOLQHDUKHDW
LQSXW GHILQLWLRQ ZKLOH $3,  53$60( ))6 H[SOLFLWO\ LQFRUSRUDWH WKLFNQHVV WHUP LQ WKH UHVLGXDO VWUHVV
IRUPXODWLRQXSWRDWKLFNQHVVRIPP7KHWUDQVYHUVHUHVLGXDOVWUHVVHVVXJJHVWHGIRUWKHGLIIHUHQWSURFHGXUHVDUH
VKRZQLQ)LJ

)LJ7UDQVYHUVHUHVLGXDOVWUHVVSURILOHVSUHVFULEHGE\$3,$QQH[(%6$SSHQGL[4DQG56HF,9
$VLPSOHDQGUDSLGDSSURDFKWRDVVHVVVWUHVVLQWHQVLW\IDFWRUVROXWLRQVIRUERWKSULPDU\DQGVHFRQGDU\ORDGVLVWR
WDNHLQWRDFFRXQWVWUHVVJUDGLHQWVE\OLQHDULVLQJWKHVWUHVVILHOGRYHUWKHIODZGHSWKaDQGVSOLWWLQJLWLQWRPHPEUDQH
WHQVLOHDQGEHQGLQJFRPSRQHQWV7KHPHWKRGRIOLQHDULVDWLRQVKRXOGEHSHVVLPLVWLFLQWKDW6,)VDUHRYHUHVWLPDWHG
>@
)LJXUHVKRZVWKHVWUHVVOLQHDULVDWLRQDSSURDFKXVHGDVVXJJHVWHGLQ5DQG%6,WLVREVHUYHGWKDWWKHUH
DUHFRPSUHVVLYHUHVLGXDOVWUHVVHVRYHUWKHFRPSOHWHFUDFNIDFHJLYLQJDSRVLWLYHPHPEUDQHVWUHVVQmDQGDQHJDWLYH
EHQGLQJFRPSRQHQWQb
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
)LJ6WUHVVOLQHDULVDWLRQDSSURDFKXVHGWRDVVHVVUHVLGXDOVWUHVVFUDFNGULYLQJIRUFH
)LJXUHVDQGVKRZVWKHILWWLQJDSSURDFKXVHGWRHYDOXDWHWKH6,)IRUWKHFDVHXQGHUDQDO\VLV7KLUGRUGHU)LJ
DQGDIRXUWKRUGHU)LJSRO\QRPLDOILWVDUHXVHGWRREWDLQ6,)VZLWK5>@DQG$3,>@UHVSHFWLYHO\,Q
RUGHUWRFRPSDUHVROXWLRQVRIWKHGLIIHUHQWDSSURDFKHVVXJJHVWHGLQWKHFRGHVWKHOLQHDULVDWLRQDSSURDFKLVXVHGWR
REWDLQ6,)VZLWK%6>@
$VVHVVPHQW UHVXOWV DUH VKRZQ LQ7DEOHDQG)LJ$V VKRZQ UHVLGXDO VWUHVVHVKDYHD VLJQLILFDQW HIIHFWRQ
IUDFWXUHSDUDPHWHUUHVXOWV8QLIRUPUHVLGXDOVWUHVVHVSURGXFHWKHPRVWSHVVLPLVWLFUHVXOWVZKHUHDVWKHQRQXQLIRUP
GLVWULEXWLRQVXVXDOO\KDYHDPLOGHUHIIHFW,WLVZRUWKPHQWLRQLQJWKDWDSSOLFDWLRQRIERWK5DQG%6OHDGVWR
FRPSUHVVLYHVHFRQGDU\VWUHVVLQWHQVLW\IDFWRUVDQGIRUDVVHVVPHQWSXUSRVHVWKHFRQWULEXWLRQWRWKHIUDFWXUHGULYLQJ
IRUFHLVWKHQQHJOHFWHG SrK  

)LJ7KLUGRUGHUSRO\QRPLDOILWWRDVVHVVUHVLGXDOVWUHVVFUDFNGULYLQJIRUFHDVVXJJHVWHGLQ5,9DQGLQ%64
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
)LJ)RXUWKRUGHUSRO\QRPLDOILWWRDVVHVVUHVLGXDOVWUHVVFUDFNGULYLQJIRUFHDVVXJJHVWHGLQ$3,(E

)LJ$VVHVVPHQWUHVXOWVRI¶&DVHVWXG\¶DWWKHGHHSHVWSRLQWORFDWLRQZLWKDQGZLWKRXWWKHHIIHFW
UHVLGXDOVWUHVVHV&RPSDULVRQVRIXVLQJDXQLIRUPDQGDQRQXQLIRUPUHVLGXDOVWUHVVSURILOHDUHVKRZQ
)URP7DEOHLWLVREVHUYHGWKDWLr VROXWLRQVDUHZLWKLQRIHDFKRWKHU5Kr VROXWLRQVZHUHXSWRDQG
DQG%6Kr VROXWLRQVZHUHXSWRDQGZLWKDQGZLWKRXW56UHVSHFWLYHO\LQFRPSDULVRQZLWK$3,
VROXWLRQV7KHGLIIHUHQFHLQ6,)GXHWRSULPDU\VWUHVVHVLVZLWKLQEXWPXFKJUHDWHUGLIIHUHQFHVRFFXUZLWK56
EHFDXVHRIERWKGLIIHUHQFHVLQ56OHYHOVLQWKHFRGHVDQGGLIIHUHQFHVLQWKH6,)VROXWLRQDSSURDFKHV



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7DEOH$VVHVVPHQWUHVXOWVIRUµ&DVHVWXG\¶(IIHFWRIµ/HYHO¶DQGµ/HYHO¶UHVLGXDOVWUHVVHIIHFWLQ
Kr LQFOXGHG3HUFHQWDJHGLIIHUHQFHZLWKUHVSHFWWR$3,HVWLPDWLRQVLQSDUHQWKHVLV
 /U .U
 1R5HVLGXDO6WUHVVHV
$3,  
5  
%6  
 8QLIRUP5HVLGXDO6WUHVVSURILOH/HYHO
$3,  
5  
%6  
 1RQXQLIRUP5HVLGXDO6WUHVVSURILOH/HYHO
$3,  
5  
%6  

'LVFXVVLRQ
7KHDVVHVVPHQWUHVXOWVIRUWKHWZRFDVHVWXGLHVLQWKLVZRUNVKRZDQXPEHURIIHDWXUHV,QWHUPVRIWKHDYDLODELOLW\
RIJHRPHWU\VSHFLILFVROXWLRQV$3,FRYHUVDZLGHUDQJHRIGLPHQVLRQVIRUWKHFDVHVXQGHUDQDO\VLVLQWKLVZRUN
$VDQDOWHUQDWLYHIODWSODWHVROXWLRQVKDYHEHHQXVHGLQWKHDSSOLFDWLRQRI5DQG%6GXHWRWKHGLPHQVLRQVRI
WKHF\OLQGHUVEHLQJRXWRIWKHJHRPHWU\UDQJHFRYHUHGE\WKHJHRPHWU\VSHFLILFVROXWLRQVFRQWDLQHGLQWKRVHFRGHV
,WLVVKRZQLQWKLVSDSHUWKDWQHJOHFWLQJUHVLGXDOVWUHVVKDVDPDMRULPSDFWRQWKHDVVHVVPHQWVROXWLRQVDQGWKDWWKH
DSSURDFKXVHGWRDFFRXQWIRUUHVLGXDOVWUHVVHVDOVRSOD\VDPDMRUUROH)RUH[DPSOH$3,VXJJHVWVDQHOHYDWLRQRI
WKHHIIHFWLYH\LHOGVWUHQJWKDERYHWKHVSHFLILHGPLQLPXP\LHOGVWUHQJWKWRDFFRXQWIRUWKHW\SLFDOHOHYDWLRQRIDFWXDO
SURSHUWLHVDERYHPLQLPXPUHTXLUHPHQWV2QWKHRWKHUKDQG5%6UHFRPPHQGWKHXVHRIPHDQYDOXHVRI\LHOG
VWUHVV+RZHYHULIRQO\WKHYDOXHRIWKHPLQLPXPVSHFLILHG\LHOGVWUHQJWKDGHVLJQPDWHULDOSDUDPHWHULVDYDLODEOH
WKHQDQHVWLPDWHRIPHDQ\LHOGVWUHVVPD\QRWEHSRVVLEOH7KHGLIIHUHQWUHFRPPHQGDWLRQVLQWKHSURFHGXUHVRQWKH
WUHDWPHQW RI UHVLGXDO VWUHVVHV WR HYDOXDWHKrs KDYHEHHQ VKRZQ WR SURGXFH VLJQLILFDQW GLIIHUHQFHV LQKr HVWLPDWHV
+RZHYHUXVLQJWKHVDPHDSSURDFKWRDFFRXQWIRUUHVLGXDOVWUHVVHVUHGXFHVWKHVHGLIIHUHQFHVFRQVLGHUDEO\
7KHPDLQ GLIIHUHQFHV LQKr VROXWLRQV DULVH IURP GLIIHUHQFHV LQ 6,) IRUPXODWLRQ VROXWLRQV DQG WKH WUHDWPHQW RI
VHFRQGDU\ VWUHVVHV7KHQRQXQLIRUP UHVLGXDO VWUHVVSURILOH VXJJHVWHG LQ$3, LV FRQVLGHUDEO\GLIIHUHQW WR WKDW
UHFRPPHQGHGLQ5%6:KHQWKHFUDFNOLHVRQWKHH[WHUQDOVLGHRIWKHSLSHF\OLQGHUDVLQµ&DVH6WXG\¶D
FRPSUHVVLYHUHVLGXDOVWUHVVFRPSRQHQWLVJLYHQE\5%6ZKHUHDVDWHQVLOHUHVLGXDOVWUHVVSURILOHLVREWDLQHGE\
PHDQVRI WKHGLVWULEXWLRQVXJJHVWHGE\$3, 7KLVKDVDKXJHLPSDFWRQWKHDVVHVVPHQWUHVXOWV)RUH[DPSOH
DOWKRXJKWKHDSSURDFKXVHGZLWK5DQG$3,WRDVVHVV6,)VLVVLPLODULWLVREVHUYHGWKDWWKHVHYHULW\RIWKHGHIHFW
LVXQFKDQJHGDV SrK  LWLVVHWWR]HURZKHQDSSO\LQJWKHQRQXQLIRUPUHVLGXDOVWUHVVSURILOHDVVXJJHVWHGLQ5%6
FRPSUHVVLYHVWUHVVHVRQWKHDUHDZKHUHWKHFUDFNOLHVZKHUHDVDQLQFUHDVHGVHYHULW\LVREWDLQHGZKHQDSSO\LQJ
WKH$3,UHVLGXDOVWUHVVSURILOHWHQVLOHVWUHVVHVRQWKHDUHDZKHUHWKHFUDFNOLHV
6LJQLILFDQWGLIIHUHQFHVLQLr VROXWLRQVDULVHGXHWR WKHDYDLODELOLW\RIJHRPHWU\VSHFLILFVROXWLRQV$GMXVWLQJWKH
SLSHGLPHQVLRQVDQGYDOXHRIWKHDSSOLHGLQWHUQDOSUHVVXUHPWRNHHSWKHVDPHDSSOLHGPHPEUDQHVWUHVVDQGREWDLQD
UDWLRrm/B WKDWILWVZLWKLQWKHWKLFNSLSH6,)VROXWLRQUDQJH)LJOHGWRUHVXOWVLQJRRGDJUHHPHQWZLWKHDFKRWKHU
&RQFOXVLRQV
,QWKLVZRUNUHVXOWVEDVHGRQRIWKHPRVWFRPPRQO\XVHG)LWQHVV)RU6HUYLFHSURFHGXUHVKDYHEHHQFRPSDUHG
WRDVVHVVWKHVLJQLILFDQFHRIGHIHFWVE\IRFXVLQJRQ6,)DQGSODVWLFFROODSVHVROXWLRQV7KHVDPHORDGLQJFRQGLWLRQV
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DQGPDWHULDOSURSHUWLHVKDYHEHHQXVHGLQDSSOLFDWLRQRIDOOFRGHVWRH[FOXGHVRPHRIWKHHIIHFWVRIRWKHUIHDWXUHVHJ
SDUWLDOVDIHW\IDFWRUVPDWHULDOSURSHUWLHVHVWLPDWLRQHWFWKDWPD\DIIHFWUHVXOWV
([DPSOHSUREOHPVDQGIURP$3,))6>@ZHUHXVHGDVEHQFKPDUNV([DPSOHSUREOHPFRQVLVWV
RIDFUDFNOLNHIODZSDUDOOHOWRDORQJLWXGLQDOGRXEOH9JURRYHVHDPZHOGRQWKHLQVLGHVXUIDFHRIDF\OLQGULFDOSUHVVXUH
YHVVHOXQGHULQWHUQDOSUHVVXUHZKHUHDV([DPSOHSUREOHPHYDOXDWHVDFUDFNOLNHIODZLQDFLUFXPIHUHQWLDOVHDPRQ
WKHRXWVLGHVXUIDFHRIDSLSHXQGHULQWHUQDOSUHVVXUHDQGJOREDOEHQGLQJ
,QWKHVHDQDO\VHVLWZDVREVHUYHGWKDW
x 7KH$3,VWDQGDUGFRQWDLQHGVROXWLRQVIRUWKHODUJHVWUDQJHRIGLPHQVLRQVIRUWKHFDVHVXQGHUDQDO\VLV
x Lr UHVXOWVGHULYHGE\%6DUHKLJKHUWKDQWKHRWKHUFRGHV
x 'LIIHUHQFHVLQ6,)IRUPXODWLRQVROXWLRQV9IDFWRUDQGUHVLGXDOVWUHVVHVOHDGWRVLJQLILFDQWYDULDWLRQVLQ.U
VROXWLRQV
x ,Q5%6D/HYHOWUHDWPHQWRIUHVLGXDOVWUHVVHVDVVXPHVWKDWWKHPDJQLWXGHRIZHOGLQJUHVLGXDOVWUHVVLV
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